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ABSTRACT 
This study carried out in Lake Tuzla in northeast Cappadocia (Central Anatolia- 
Kayseri-Palas Plain) aimed primarily to determine changes in paleovegetation of mid- to late-
Holocene in the vicinity of Lake Tuzla and factors affecting these changes. A secondary 
objective was to determine paleoenvironmental conditions during the settlement period of 
Kültepe (Karum-Kanis), an important archaeological site in the region. Fossil pollen analysis 
was carried out on a sediment core 337 cm long representing the period from the present day 
extending back to 5080 ± 30 years. Changes in paleoclimatic conditions and paleovegetation 
were identified. From changes in the vegetation, the climatic changes determined were dry in 
the periods 3200-3000 BP, 2050-1450 BP, and 1120-850 BP; and humidity in the periods 
1400-1115 BP and 1400-1700 BP. Alterations to the vegetation structure between 3230 and 
1155 BP reveal the effects of the Beyşehir Occupation Phase (BOP). According to Lake Tuzla 
data, the effect of BOP was relatively less than that of Lake Nar. After the end of BOP, pine 
forests grew in the area around Lake Tuzla. The vegetation consisted of Pinus and Quercus in 
AP (arboreal pollen) and Artemisia, Amaranthaceae and Poaceae in NAP (non-arboreal 
pollen). The density of Artemisia, Amaranthaceae and Poaceae taxa suggests that steppe 
vegetation was dominant in the surroundings of Lake Tuzla. 
 
Keywords: Lake Tuzla, Cappadocia, Kültepe, fossil pollen, vegetation and climate change. 
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1. Introduction 
Anatolia is characterized by human-induced vegetation change and a complex climatic 
history (Bottema and Woldring, 1990; Kaniewski, 2007; Riehl and Marinova, 2008; Bakker et 
al., 2013). Pollen analysis is the most useful method for evaluating human-induced vegetation 
change and the climatic history of Anatolia from the temporal perspective and on a spatial 
scale (Behre, 1990; Eastwood, 1997; Vermoere, 2004; England, 2006; Şenkul, 2014). The 
formation of vegetation in Anatolia revealed by pollen analysis, and factors such as human 
impact and climate affecting these changes, enable the reinterpretation of environmental 
conditions (Bakker et al., 2011). Furthermore, the climatic and human impacts effective on 
vegetation also help us to understand changes occurring in the socio-cultural structure 
(Allcock, 2017).  
The extent, nature and duration of climatic changes affecting natural environmental 
conditions vary from region to region (Miebach, 2016). Notably, the 4200, 2800, 1400 BP 
Cold Climate periods and the Little Ice Age (Bond et al., 1997) occurring in Holocene, 
together with the climatic cycles termed the Roman and Medieval Warm periods (Free and 
Robock, 1999; Crowley and Lowery, 2000; Luterbacher et al., 2001; Mann, 2002; Bradley, 
2003; Cronin et al., 2003; Bakker et al., 2011; Wang et al., 2012), were all effective on the 
natural environment, inhabitants and human activity.  
Kültepe (Kaniş Karum), the most important ancient settlement in Cappadocia, is the 
largest Early Bronze Age settlement in Anatolia (Kulakoğlu et al., 2013). This settlement 
became an important trade and cultural center in the period of the Assyrian Trade Colonies 
(1950-1700 BC), during which commercial and cultural relations with Mesopotamia 
developed (Uğuryol and Kulakoğlu, 2013). Kültepe, important historically and for its strategic 
location in Cappadocia, is of particular significance since it is situated close to the Lake Tuzla 
(23 km to the northeast).  
Regarding Cappadocia as a whole, several fossil pollen studies have included Lake 
Tuzla (Bottema et al., 1993-1994; Woldring, 2001; Roberts et al., 2001; England, 2006; 
Roberts et al., 2016; Doğan, 2017). However, the exact age-based chronology of fossil pollen 
data from Lake Tuzla, representing the northeast of the region, has not yet been revealed in 
detail (Bottema et al., 1993-1994). In order to gain a holistic view of the fossil pollen record 
of Cappadocia region, it is difficult to use data from Lake Tuzla due to the lack of information 
about its age. Therefore, this study aimed to solve the problem of chronology by examining 
the record of Lake Tuzla in the north-east of Kayseri-Palas Plain (Memiş, 2017). Thus, a data 
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set was compiled reflecting the Holocene paleoenvironmental history of the Cappadocia 
region.  
This study is important in terms of perceiving the effect of changes in paleovegetation 
and palaeoclimate on human activity during the settlement period of Kültepe and the 
influence of mankind on the environment. For this reason, the aim of this study was to 
determine the paleovegetation changes of the Lake Tuzla environment and the factors 
affecting these changes in the light of fossil pollen analysis. Fossil pollen data were used as 
the data record, making a significant contribution to the construction of paleoecology in 
Cappadocia and revealing the environmental factors affecting the paleoenvironment of the 
Kültepe settlement. 
2. Study Area 
Lake Tuzla (1130 masl) is included in a closed basin located to the southeast of 
Kızılırmak valley between Mt. Akdağlar to the north and Mt. Korumaz (1907 masl) to the 
south in Central Anatolia (Fig. 1). The rocks exposed around Lake Tuzla, from oldest to 
youngest, are metamorphic rocks of Paleozoic age, ophiolitic mélange, sedimentary (clastic, 
carbonate) and plutonic rocks of Mesozoic age, lacustrine carbonate and volcanic rocks of 
Cenozoic age, and alluvial deposits of Quaternary age (Fig. 2). Most of these rock groups 
(except the Paleozoic metamorphics) are exposed in the catchment area of Lake Tuzla.  
The closed basin developed in the Central Anatolian Fault System (Koçyiğit and 
Beyhan, 1998). The Central Anatolian Fault System is approximately 730 km long and 2–80 
km wide, a northeast–trending neotectonic structure in the nature of sinistral strike-slip 
faulting (Koçyiğit and Beyhan, 1998; Koçyiğit and Erol, 2001; Koçyiğit and Doğan, 2016). It 
resulted from the reactivation and propagation of an older paleotectonic structure, the so-
called “Ecemiş corridor” (Blumenthal, 1941), running both north-northeast and southwest 
across the Inner Tauride Suture during Quaternary (Koçyiğit and Doğan, 2016). Therefore, 
the study area has been affected by a strike-slip neotectonic regime during Quaternary 
(Koçyiğit and Beyhan, 1998; Koçyiğit and Erol, 2001; Koçyiğit and Doğan, 2016). 
Consequently, Lake Tuzla closed basin formed as a pull-apart basin within the Central 
Anatolian Fault System (Koçyiğit and Beyhan, 1998; Koçyiğit and Doğan, 2016). As a result, 
strike-slip and normal faults are found around Lake Tuzla (Fig. 2). Ion concentration in Lake 
Tuzla is twice (84 g/l) that of sea water (Shekkerman and van Roomen, 1993). 
 
Fig. 1. Location map of study area. 
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Fig. 2. Geological map of study area, (active faults and 1/500.000 scale geology map 
taken from MTA, active faults modified from MTA). 
 
 
 
3. Modern climate 
Lake Tuzla and its surroundings (Kayseri province) in Cappadocia possess the most 
extreme terrestrial climate features in the region in terms of high-temperature variability and 
long-term low temperatures (Türkeş, 2005). The average temperature in January is -9ºC and 
the average July temperature is 21ºC. Average rainfall ranges from 510 mm to 390 mm 
(http://worldclim.org/current; http://worldclim.org/bioclim). According to Thornthwaite 
climate classification, this area is within the arid-sub-humid climate class (Yılmaz and Çiçek, 
2016).  
4. Modern vegetation 
The study area is located in the Irano-Turanian flora region and xerophytic plants 
constitute the majority of the region's flora (Çetik, 1985; Avcı, 1993; 2013). The steppes in 
Central Anatolia have an anthropogenic character (Avcı, 2013). The steppe forests in the 
region were destroyed due to climatic conditions (gradual aridification) and anthropogenic 
factors. Indeed, Amygdalus arabica oliv., Cedrus, Crataegus azarolus, Juniperus, Quercus, 
Pinus nigra and Purunus domestica are present in a mixed manner in the degraded 
forestlands. Plant types belonging to a steppe climate zone have developed in the Lake Tuzla 
surroundings. Plant groups of Eleocharis potustris are found in the brackish marsh in the 
southern and western parts of the lake, and Juncus inflexus on dry soils (Seçmen and 
Leblebici, 1987).  
5. Materials and Method 
5.1. Sampling of the Core 
In 2016, a sediment core of 337 cm in length (TZL 16-01) was taken from the bottom 
sediment of Lake Tuzla at 4 m water depth with the aid of a Livingstone drilling rig. The 
sediment core was wrapped with stretch film and placed in hard plastic pipes then packed in 
codes. Fossil pollen analysis was carried out by taking sediment samples from 21 levels, each 
16 cm long, on the 337 cm-long sediment core. The lithology of the whole sediment cores 
forms gray clay. 
5.2. Palynological Analyses 
During the pollen analysis, sediment samples were subjected to the traditional method 
(Faegri and Iversen, 1989; Moore et al., 1991; Seppa, 2007) and a Lycopodium spore tablet 
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was added to each sample to determine pollen density (Stockmarr, 1971). The pollen was 
made into a solution using silicone oil so that it could be analyzed under a microscope. The 
detection and counting of pollen and Lycopodium were carried out using a x40 and x100 
immersion lens in a computer-assisted light microscope. At least 350 black pollen spores were 
counted in each sample to determine the amount of pollen. Paleomorphological keys and 
photographs were used for the identification of pollen during the identification and counting 
stages, as per Moore et al. (1991) and Reille (1998; 1999). After the pollen identification and 
counting, cluster analysis was carried out in Tilia 2.0.41 program and a pollen diagram was 
created (Grimm, 2015). 
6. Results 
6.1. Radiocarbon Ages and Age Depth Model 
Samples from two different points (187 cm to 325 cm) on the sediment core were 
taken and dated to ages of 3110 ± 30 BP and 5080 ± 30 BP, respectively (Table 1). The age 
depth profile for Lake Tuzla was established with the obtained age data (Fig. 3). Based on 
radiocarbon ages, the chronology of all sediment series was constructed by linear 
interpolation using Tilia 2.0.41 software. According to this, the base age of the sediments is 
5160 BP. This chronology was integrated into the pollen diagram and changes are presented 
in the temporal frame. 
 
Table 1. Radiocarbon/AMS 14C ages from Lake Tuzla (TZL 16-01) sediment core. 
 
Fig. 3. Age-depth profile for Lake Tuzla (Core TZL 16-01). 
 
6.2. Pollen Analysis 
Five main LPAZs (Local Pollen Assemblage Zone) were determined in the summary 
diagram obtained from the pollen analyses. These LPAZs were named Lake Tuzla Zone I 
(TZL-I), TZL-II, TZL-III, TZL-IV and TZL-V (Fig. 4). 
6.2.1. TZL-I (between 5160 and 4600 BP)  
In this zone, the Pinus values were reduced up to 25% at the end of the zone by 
consistently decreasing. The Quercus values reached their highest level (21.5%) in the year 
4600 BP, during which Pinus decreased to its lowest level (Fig. 4). The AP value varied 
between 47% and 53%. This zone is characterized by Artemisia and Amaranthaceae, which 
are among the NAP. Artemisia, which reached its highest level of 30% at the beginning of the 
zone, decreased to 23.5% at the end of the zone. For Amaranthaceae, the value of 3.7% at the 
beginning reached 10% at the end of the zone.  
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6.2.2. TZL-II (between 4600 and 3230 BP) 
This zone is divided into two sub-zones. TZL-IIa represents the years 4600-3916 BP, 
and TZL-IIb represents the years 3916-3230 BP. The Pinus values that were 25% at the end 
of TZL-I (during 4600s BP) increased to 51.2% at the beginning of TZL-II (4600 BP) and 
decreased to 36% at the end of the zone (3916 BP). Among the NAP, the ratio of Artemisia, 
which decreased to 23.5% at the end of TZL-I, continued to decrease (from 16.6%) at the 
beginning of TZL-IIa but increased to 27.2% at the end of the zone. The ratio of Pinus 
decreased to 36% in TZL-IIa then increased to 42% at the beginning of TZL-IIb and 
decreased to 38.2% at the end of the zone. In TZL-IIb, Artemisia, Ranunculaceae and 
Brassicaceae increased by 5.4%, 4.8% and 4%, respectively, while Amaranthaceae and 
Rosaceae decreased by 4.4% and 2.3%, respectively.  
6.2.3. TZL-III (between 3230 and 1115 BP)  
In the pollen diagram, the change in the ratios of NAP and AP in TZL-III is striking. It 
is observed that there is an overall increase in the ratio of AP. It is remarkable that Artemisia 
values suddenly decrease in NAP. The increase in Ranunculaceae values during the transition 
period from TZL-II to TZL-III indicates that a humid period was experienced. This zone was 
divided into three sub-zones as TZL-IIIa (3230-2710 BP), TZL-IIIb (2710-1912 BP) and 
TZL-IIIc (1910-1115 BP) (Figure 4). In TZL-IIIa, Artemisia values showed a tendency to 
decrease continuously, and these values decreased to 5.1% at the end of the zone. The fact 
that the Pinus and Ranunculaceae values decreased while the Artemisia and Amaranthaceae 
values increased in TZL-IIIb indicates that an arid period occurred. The increase in Pinus 
values in TZL-IIIc and the presence of Ranunculaceae indicate that a humid period 
dominated.  
6.2.4. TZL-IV (between 1115 and 600 BP)  
The Pinus value in TZL-IV decreased to 41.4%. Among NAP, Amaranthaceae and 
Lactuaceae reached the highest levels of 14% and 3.5%, respectively. The value of Artemisia 
increased to 7.7% and started to rise, as of this period. The fact that Pinus values decreased 
and Artemisia and Amaranthaceae values started to increase indicates that open steppe 
vegetation was dominant in Lake Tuzla and its surroundings between 1115 and 600 BP. The 
decrease in Plantago lanceolata and Sanguisorba values compared to TZL-III indicates that 
animal husbandry activity on the vegetation decreased. In this zone, the AP and NAP values 
are 60.5% and 39.2%, respectively. 
6.2.5. TZL-V (between 600 and 83 BP)  
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In 332 BP, Pinus reached its highest level in the pollen diagram with 68.2%. The 
increasing ratio of Pinus indicates that forested land expanded. Among the NAP, Artemisia, 
Amaranthaceae and Brassicaceae increased to 18.7%, 8% and 3%, respectively. Rosaceae 
increased by 2.3% compared to TZL-IV. The ratio representing cereals reached its highest 
level, with 2.8% (Fig. 4). This increase indicates that agricultural activity was performed.  
 
                                       Fig. 4. Summary pollen percent diagram of Lake Tuzla. 
 
                           
7. Discussion 
Results obtained from fossil pollen analysis carried out at Lake Tuzla include studies 
by Bottema et al., 1993-1994 (Lake Tuzla I), Roberts et al., 2001; Woldring, 2001 (Lake Eski 
Acıgöl), England, 2006 (Lake Nar) and Kuzucuoğlu, 2011 (Lake Tecer). Pinus, Quercus, 
Amaranthaceae and Artemisia pollen, which are dominant in the fossil pollen diagram of Lake 
Tuzla I (Bottema et al., 1993-1994) and Lake Tuzla II (Memiş, 2017), show that the 
vegetation structure overlaps in both studies. However, it is not possible to make a 
chronological comparison since the Lake Tuzla I study of Bottema et al., (1993-1994) is not 
age-dependent. Pinus and Quercus in AP and Artemisia, Amaranthaceae, and Liguliflorae in 
NAP form the most common plant taxa in a previous fossil pollen study (Bottema et al., 1993-
1994) conducted at Lake Tuzla. In the diagram of zone 1, the taxa of Alnus, Cedrus, Betula, 
Corylus, Ostrya, and Abies in AP indicate that it was a significant period. It is seen that NAP 
values increased most in zone 2. The increase in Liguliflorae values, particularly in NAP, 
suggests significant changes in the lake environment. These changes may be due to the effect 
of summer temperatures, basin fill, or sediment properties. It is seen that the AP values 
increased most at zone 3. The preponderance of Pinus is especially due to the low production 
of pollen in the local area and that Pinus pollens were transported from distant places to the 
study area. 
Plant taxa and vegetation structure in IIIb, IV and V pollen zones dated to mid- to late-
Holocene in the fossil pollen diagram of Lake Eski Acıgöl when compared with the Lake 
Tuzla fossil pollen diagram of mid- to late-Holocene. In the IIIb pollen zone of the diagram, 
Quercus robur type, the dominant woody taxon, takes its place at the end of the zone. The 
predominant woody taxon in the IV and V zones is Pinus. This is thought to be caused by 
excessive grazing, the cutting down of trees for timber and heating, a reduction in the 
production of woody pollen in the lake basin; and the Pinus pollen is believed to have been 
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transported from long distances (Roberts et al., 2001). When the pollen diagram of Lake 
Tuzla II is compared between the periods of mid- to late-Holocene and the pollen diagram of 
Lake Eski Acıgöl, it is seen that the vegetation structure overlaps on a large scale. In fact, in 
the mid- to late-Holocene, the plant taxa dominant in the pollen diagram of Lake Tuzla II and 
Lake Eski Acıgöl are Pinus and Quercus; while within N it is formed of Artemisia, 
Amaranthaceae and Poaceae. 
Lake Tuzla II is an important indicator of the presence of forests in the pollen diagram 
of Pinus, while Quercus seems to have found a wide distribution area as a secondary forest 
product, which fell to its lowest level in 4600 years. The high ratio of Artemisia, 
Amaranthaceae, and Poaceae in the diagram indicates that steppe vegetation around the lake 
was dominant. 
The ancient settlement of Kültepe in Cappadocia gained importance in the early years 
of 3218 BP when Anatolia entered the historical era (Yiğit, 2003). Kültepe is an area where 
Assyrian merchants settled and developed Kültepe-based trade networks covering most of 
Anatolia. The Hittites dominated a wide area in Anatolia between 3868 and 3218 BP and 
greatly affected the social and economic activity of the region (Gümüşçü et al., 2013; 
Macqueen 1996; Table 2). The economy of the Hittite state was based on agriculture and 
animal husbandry. Plantago lanceolata, which is seen in the vegetation structure of the land 
in these years in the diagram, shows that animal husbandry was carried out in and around 
Lake Tuzla during the Hittite period. 
The existence of agricultural crops in the pollen diagram of Lake Beyşehir, indicating 
breaks in forestation, points to a period in which humans had an effect on vegetation (van 
Zeist et al., 1975, Bottema and Woldring, 1984, van Zeist and Bottema, 1991). In fossil pollen 
studies, this period showing the effect of humans on vegetation in mid- to late-Holocene is 
called the Beyşehir Occupation Phase (BOP) (Bottema and Woldring, 1984; Eastwood et al., 
1998). Castanea, Fraxinus ornus, Olea europaea, Juglans, Vitis, Plantago lanceolata and 
Sanguisorba taxa, observed in the pollen diagrams of many fossil pollen studies in 
Southwestern Anatolia and Central Anatolia, are evidence of the BOP (England, 2006; 
England et al. 2008; Şenkul, 2018). The effect of BOP on the pollen diagram of Lake Tuzla is 
seen between 3230 BP and 1115 BP. The increase in the rate of Plantago lanceolata and 
Sanguisorba during these years indicates that livestock activity was carried out (Eastwood et 
al., 1998; Gaillard, 2007). The absence of primary indicator species (Olea, Juglans regia and 
Vitis) reflecting BOP during this period, but the presence of several secondary indicator 
species (Plantago lanceolata, Sanguisorba), suggest that the effect of human-grown 
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vegetation on Lake Nar and its surroundings (England et al., 2008) was more limited around 
Lake Tuzla. According to the Lake Tuzla data, the event that ended BOP in the study area 
around ~ 1150 to 1400 BP (England et al., 2008) was Arab invasions in Anatolia. Arab raids 
disrupted the balance of social life in Central Anatolia and caused the land to be abandoned. 
During the Arab invasions, Anatolian rural dwellings and cities were severely damaged, 
social and economic life collapsed, leaving the villages and agricultural land empty (Gümüşçü 
et al., 2013). According to the Tuzla data, significant changes were identified in the 
vegetation structure during this time. The decrease in Pinus values indicates that forest areas 
were destroyed and that the increase in Artemisia, Amaranthaceae and Poaceae was not on 
arable land (Gaillard, 2007). The increase in Pinus values along with the end of the Arab 
raids, in accordance with the pollen data of Lake Nar (England et al., 2008), indicates that 
forested areas were again spreading. The presence of cereals in the diagram indicates that 
agriculture was carried out in the Roman-Byzantine-Seljuk and Ottoman periods around Lake 
Tuzla (Table 2). 
 
Table 2. States ruling Central Anatolia, archaeological periods, climatic events and changes in 
vegetation (Akurgal, 2014 1, Bond et al., 1997 2, Crowley and Lowery, 2000 3, England et al., 2008 4, 
Gümüşçü et al., 2013 5, Wanner et al., 2008 6, Wang et al., 2013 7). 
 
The effects of global climate change are also seen on the vegetation structure of the 
Lake Tuzla periphery. At 4.2 ka BP, a 450-year drought was experienced in Lake Tecer; then 
the 4.3 ka BP event started. With the long-lasting drought at 4.3 BP, repeated drought periods 
began in the Near East (Kuzucuoğlu et al., 2011). The 4.2 ka BP climatic period, in which 
marine coral-dolomite dust from the Gulf of Oman shows a sharp peak (Migowski et al., 
2006), and a sharp decline in the level of the Dead Sea, have been interpreted as a sudden 
drought in the eastern Mediterranean (Cullen et al., 2000). The effects of this arid period were 
also recorded in the Lake Tuzla data. The decrease in the number of woody taxa in Tuzla data, 
which is compatible with Lake Tecer and Lake Nar, suggests that the climate of this period 
was dry around the lake. 
Pollen data show that the climatic regime varied significantly during the Iron Age, 
when a humid climate once again predominated, and during this period at 2.8 ka BP (Bond et 
al., 1997; Issar and Zohar, 2007). Between 3.2 and 3.0 ka BP, an event in the IRD curve 
occurred (Bond et al., 1997), and a drought in Lake Eski Acıgöl sediments in Central Anatolia 
emerges from isotopes between 3.1 and 2.7 ka BP (Roberts et al., 2001). However, at 3.3 and 
3.0 ka BP in the Dead Sea (Migowski et al., 2006), the water level declines while the Eastern 
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Mediterranean is recorded at 2.8 ka BP (Kuzucuoğlu et al., 2011). The effects of an arid 
climate were observed in the period between 3.2 and 3.0 ka BP in Lake Tuzla data. 
The optimum climatic effects of Roman reflected in the data were recorded between 
2020-1450 BP. The drought recorded in Lake Tecer is thought to be related to a decrease in 
precipitation and increase in evaporation during the Mediterranean summer. The effects of the 
arid period recorded between 2050 and 1450 BP in Tuzla data are reflected in the vegetation. 
An increase in herbaceous taxa during this period indicates the effect of a dry period. 
1400-1115 BP corresponds to a significant turning point. This moist period determined 
in the diagram is compatible with the moist period recorded between 1440-1200 BP in Lake 
Nar (Jones et al., 2006) and between 1500-1180 BP in Lake Tecer (Kuzucuoğlu et al., 2011). 
A decrease in the values of Artemisia and Amaranthaceae while values of Pinus, Corylus and 
Alnus increased tell us that at 1.4 ka BP (Bond et al., 1997), the climate was humid in around 
Lake Tuzla. 
Differences in temperature observed on a global scale in the Medieval Climatic 
Anomaly (MCA) are related to changes in the North Atlantic thermohaline circulation 
(Crowley and Lowery, 2000, Broecker, 2001, Cronin et al., 2003, Hunt, 2006). The MCA, 
Lake Tecer and Lake Nar from 1150 to 920 BP were recorded as arid due to the increase in 
summer temperatures (Jones et al., 2006; Kuzucuoğlu et al., 2011). At Lake Tuzla, a dry 
period was recorded between 1120-850 BP which is compatible with figures from lakes Tecer 
and Nar. 
The effects of the Little Ice Age (Hass, 1996, Free and Robock, 1999, Luterbacher et 
al., 2001; Mann, 2002; Bradley, 2003; Cronin et al., 2003; Wanner et al., 2008) are also seen 
around Lake Tuzla. The overall woody taxon density in the diagram reached its highest level 
in this period. The period between 1400-1700 BP is compatible with the period recorded in 
Lake Tecer between 1570-1750 BP (Kuzucuoğlu et al., 2011). However, contrary to the Lake 
Tecer data, the Lake Nar data are characterized by more arid conditions between 1400 and 
1960 BP (Jones et al., 2006). 
Changes in the climatic conditions of the Little Ice Age (end of 16th century to 
beginning of 17th century) adversely affected the social and economic life of the Ottoman 
Empire. Cold, dry winters became increasingly frequent and hardened with the beginning of 
irregular climate oscillations in the Little Ice Age at the end of the 16th century; this adversely 
affected regional agriculture (White, 2011). The negative effect of the Little Ice Age on 
agriculture also affected social life, this is one of the reasons the Celali Rebellion in Central 
Anatolia revolted against the Ottoman Empire. Due to the turmoil created by the Celali 
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Rebellion, villagers abandoned the areas where they had carried out agriculture (Akdağ, 1975; 
Erlat, 2013). 
8. Conclusion 
This study examined changes during the last 5000 years of paleovegetation around 
Lake Tuzla near Kültepe based on fossil pollen analysis and reveals the factors that influenced 
those changes. Determination of the factors affecting paleovegetation change sheds light on 
the paleogeography of Kültepe and Lake Tuzla. It is seen that the effects of the BOP, when 
agriculture was carried out intensively in the vicinity of Lake Nar, are weaker around Lake 
Tuzla. Cereals, Plantago lanceolata, Polygonum aviculare, Centaurea solstitialis and 
Sanguisorba are among the secondary indicator species that indicate human influence on the 
vegetation of the Lake Tuzla surroundings. Plantago lanceolata and Sanguisorba taxa in the 
BOP revealed that in the study area, inhabitants were influenced by the vegetation structure. 
The human effect on vegetation is clearly seen between TZL-IIb and TZL-IIIc in the diagram. 
After the end of BOP, the increase in Pinus values shows that the pine forests around Lake 
Tuzla developed again. Tuzla data and paleoclimatic data in Anatolia and the Eastern 
Mediterranean are compatible with each other. The dry/humid periods identified in the Tuzla 
data for the last two thousand years correspond to climatic periods such as the Roman 
Climatic Optimum, Medieval Climatic Anomaly, and Little Ice Age. The most prominent 
effects of the Little Ice Age are seen; the very low NAP value of the AP value in 332 BP 
indicates that this change in the climate had a significant effect on the study area. The high 
values of Artemisia and Amaranthaceae pollen in the period 5000-3230 BP indicate that the 
vegetation of Lake Tuzla and its surroundings was dominated by steppe vegetation. 
Acknowledgements   
This study was supported by the TÜBİTAK project "Holocene Environmental Change 
in the Light of the Fossil and Modern Pollen Analysis of Kültepe (Kayseri) Environment" 
(number: 114Y578). Furthermore, this paper is derived from the Master thesis "Late Holocene 
Paleovegetation of the Vicinity of Lake Tuzla in the Light of the Fossil Pollen Analysis". We 
thank Fikri Kulakoğlu for ideas about Kültepe. Finally, we also thank Ali Koçyiğit for reading 
drafts of this manuscript and providing helpful comments. 
References 
Akdağ, M., 1975. Türk Halkının Dirlik ve Düzenlik Kavgası ‘Celali İsyanları’. Yapı Kredi Yayınları, 
İstanbul. 
Akurgal, E., 2014. Anadolu Uygarlıkları. Phoenix Yayınevi, Ankara. 
Allcock, S.L., 2017. Long-term socio-environmental dynamics and adaptive cycles in Cappadocia, 
Turkey during the Holocene. Quaternary International 446, 66-82. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
12 
 
Avcı, M., 1993. Türkiye’nin Flora Bölgeleri ve Anadolu Diagonali’ne Coğrafi Bir Yaklaşım. Türk 
Coğrafya Dergisi 28, s. 225-248. 
Avcı, M., 2013. Dünyada ve Türkiye'de Step Formasyonu. Ege Üniversitesi Yayınları, s. 112-131. 
Bakker, J., Kaniewski, D., Verstraeten, G., De Laet, V., Waelkens, M., 2011. Numerically derived 
evidence for late-Holocene climate change and its impact on human presence in the southwest 
Taurus Mountains, Turkey. The Holocene, 22(4) 425-438. 
Bakker, J., Paulissen, E., Kaniewski, D., Poblome, J., De Laet, V., Waelkens, M., 2013. Climate, 
people, fire and vegetation: new insights into vegetation dynamics in the Eastern 
Mediterranean since the 1st century AD. Clim. Past, 9, 57-87. 
Behre, K.E., 1990. Some reflections on anthropogenic indicators and the record of prehistoric 
occupation phases in pollen diagrams from the Near East, In S. Bottema, G. Entjes-Nieborg, & 
W. van Zeist (Eds.), Man’s role in the shaping of the Eastern Mediterranean landscape. 
Rotterdam: A. A. Balkema, pp. 219-230. 
Blumenthal, M., 1941. Niğde ve Adana vilayetleri dolayındaki Torosların jeolojisine umumi bir bakış. 
MTA Yayınları Seri B6. Ankara, Turkey: MTA (in Turkish). 
Bond, G., Showers, W., Cheseby, M., Lotti, R., Almasi, P., deMenocal, P., Priore, P., Cullen, H., 
Hadjas, I., Bonani, G., 1997. A pervasive millennial-scale cycle in North Atlantic Holocene 
and glacial climates. Science 278, 1257–1266. Science, 13 (3), 3973-3994. 
Bottema, S., Woldring, H., 1984. Late Quaternary Vegetation and Climate of Southwestern Turkey 
Part II, Palaeohistoria 26, 245-249. 
Bottema, S., Woldring, H., 1990. Anthropogenic indicators in the pollen record of the Eastern 
Mediterranean. Biologisch-Archaelogisch Institute, Rijksuniversiteit Groningen, Netherlands. 
Bottema, S., Woldring, H., Aytuğ, B., 1993-1994. Late Quaternary Vegetation History of Northern 
Turkey. Palaeohistoria 35/36, 13-72. 
Bradley, R.S., Hughes, M.K., Diaz, H.F., 2003. Climate in Medieval Time. Climate Change Science, 
Vol 302, pp. 404-405. 
Broecker, W.S., 2001. Was the Medieval Warm Period global?. Science 291, pp. 1497–1499. 
Çetik, A.R., 1985. İç Anadolu’nun Vejetasyon ve Ekolojisi, Selçuk Üniversitesi Basımevi, Konya. 
Cronin, T.M., Dwyer, G.S., Kamiya, T., Schwede, S., Willard, D.A., 2003. Medieval Warm Period, 
Little Ice Age and 20th century temperature variability from Chesapeake Bay, Global and 
Planetary Change 36, 17-29. 
Crowley, T.J., Lowery, T.S., 2000. How Warm Was the Medieval Warm Period?, A Journal of the 
Human Environment, 29 (1):51-54, Royal Swedish Academy of Sciences. 
Cullen, H.M., deMenocal, P.B., Hemming, S., Hemming, G., Brown, F.H., Guilderson, T., Sirocko, F., 
2000. Climate change and the collapse of the Akkadian Empire: Evidence from the deep sea. 
Geology 28 (4): 379–382. 
Doğan, M., 2017. Fosil ve Güncel Polen Analizleri Işığında Mucur Çevresinin Geç Holosen 
Paleovejetasyonu. Yayımlanmamış Yüksek Lisans Tezi, Süleyman Demirel Üniversitesi, 
Sosyal Bilimler Enstitüsü, Coğrafya Anabilim Dalı, Isparta, Turkey. 
Eastwood, W.J., 1997. The Palaeoecological Record of Holocene Environmental Change in Southwest 
Turkey. PhD Thesis, University of Wales. 
Eastwood, W.J., Roberts, N., Lamb, H.F., 1998. Palaeoecological and Archaeological Evidence for 
Human Occupance in Southwest Turkey: The Beyşehir Occupation Phase, Anatolian Studies, 
Vol. 48, pp. 69-86. 
England, A., 2006. Late Holocene Palaeoecology of Cappadocia (Central Turkey): An Investigation of 
Annually Laminated Sediments from Nar Gold Crater Lake. PhD thesis, University of 
Birmingham. 
England, A., Eastwood, W.J., Roberts, C.N., Turner, R., Haldon, J.F. 2008. “Historical landscape 
change in Cappadocia (central Turkey): a palaeoecological investigation of annually-laminated 
sediments from Nar lake”. The Holocene, 18(8), 1229-45. 
Erlat, E., 2013. İklim Sistemi ve İklim Değişimleri. Ege Üniversitesi Basımevi, İzmir. 
Faegri, K., Iversen, J., 1989. Textbook of Pollen Analysis. 4 Edn., John Chichester: John Wiley & 
Sons, Chichester, New York, Brisbane, Toronto, Singapore. 
Free, M., Robock, A., 1999. Global Warming in the context of the Little Ice Age. Journal of 
Geophysical Research, Vol. 104, No, D16, 19,057-19,070. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
13 
 
Gaillard, M.J., 2007. Archaeological Applications. Encyclopedia of Quaternary Science, Elsevier, pp. 
2570-2595. 
Grimm, E., 2015. Tilia Software. Springfield, Illinois State Museum. 
Gümüşçü, O., Yiğit, İ., Yılmaz, S.T., 2013. Türkiye’nin Beş Bin Yılı. Yeditepe Yayınevi, İstanbul. 
Hass, H.C., 1996. Northern Europe climate variations during late Holocene: evidence from marine 
Skagerrak, Palaeogeography, Palaeoclimatology, Palaeoecology 123, 121-145. 
Hunt, B.G., 2006. The Medieval Warm Period, the Little Ice Age and simulated climatic variability, 
Climate Dynamics. 27: 677–694. 
Issar, A.S., Zohar, M., 2007. Climate Change Environment and History of the Near East (2nd edition), 
Springer-Verlag Berlin Heidelberg New York. 
Jones, M.D., Roberts, C.N., Leng, M.J., Türkeş, M., 2006. A high-resolution late Holocene lake 
isotope record from Turkey and links to North Atlantic and monsoon climate. Geology 34 (5): 
361–364. 
Kaniewski, D., De Laet, V., Paulissen, E., and Waelkens, M., 2007. Long term effects of human 
impact on mountainous ecosystems, western Taurus Mountains, Turkey. J. Biogeogr., 34, 
1975–1997. 
Koçyiğit, A., Beyhan, A., 1998. A new intracontinental transcurrent structure: the Central Anatolian 
Fault Zone, Turkey. Tectonophysics 284, 317-336. 
Koçyiğit, A., Erol, O., 2001. A tectonic escape structure: Erciyes pullapart basin, Kayseri, Central 
Anatolia, Turkey. Geodin Acta 14, 133-145. 
Koçyiğit, A., Doğan U., 2016. Strike-slip neotectonic regime and related structures in the Cappadocia 
region: a case study in the Salanda basin, Central Anatolia, Turkey. Turkish J Earth Sci 25, 
393-417. 
Kulakoğlu, F., Emre, K., Kontani, R., Ezer, S., Öztürk, G., 2013. Kültepe-Kaniş, Turkey: Preliminary 
Report on the 2012 Excavations, Bulletin of the Okayama Orient Museum, Vol. 27, pp. 43-50. 
Kuzucuoğlu, C., Dörfler, W., Kunesch, S., Goupille, F., 2011. Mid-to late-Holocene climate change in 
central Turkey: the Tecer Lake record. Holocene 21 (1), 173-188. 
Luterbacher, J., Rickli, R., Xoplaki, E., Tinguely, C., Beck, C., Pfister, C., Wanner, H., 2001. The Late 
Maunder Minimum (1675–1715)–A Key Period for Studying Decadal Scale Climatıc Change 
in Europe. Climatic Change 49: 441–462, Kluwer Academic Publishers, Netherlands. 
Macqueen, J.M., 1996. The Hittites and their comtemporaries in Asia Minor, Revised and Enlarged 
Edition, New York and London: Thames and Hudson. 
Mann, M.E., 2002. Medieval Climatic Optimum, Volume 1, The Earth system: physical and chemical 
dimensions of global environmental change. ss. 514–516. 
Memiş, T., 2017. Fosil Polen Analizleri Işığında Tuzla Gölü Cevresinin Geç Holosen 
Paleovejetasyonu. Yayımlanmamış Yüksek Lisans Tezi, Süleyman Demirel Üniversitesi, 
Sosyal Bilimler Enstitüsü, Coğrafya Anabilim Dalı, Isparta, Turkey. 
Miebach, A., Niestrath, P., Roeser, P., Litt, T., 2016. Impact of climate and humans on the vegetation 
in northwestern Turkey: palynological insights from Lake Iznik since the Last Glacial. Clim. 
Past, 12, 575–593. 
Migowski, C., Stein. M., Prasad, S., Negendank, J., Agnon, A., 2006. Holocene climate variability and 
cultural evolution in the Near East from the Dead Sea sedimentary record. Quaternary Research 66: 
421–431. 
Moore, P.D., Webb, J.A., Collinson, M. E., 1991. Pollen Analysis. Blackwell, Oxford. 
Riehl, S. and Marinova, E., 2008. Mid-Holocene vegetation change in the Troad (W Anatolia): Man- 
made or natural?, Vegetation History and Archaeobotany 17,3: 297-312. 
Reille, M., 1998. Pollen et spores d’Europe et d’Afrique du Nord: supplement 2, Laboratoire d 
Botanique Historique et Palynologie, Marseille. 
Reille, M., 1999. Pollen et spores d’Europe et d’Afrique du Nord, 2 Edn., Laboratoire de Botanique 
Historique et alynologie, Marseille. 
Roberts, N., Reed, J.M., Leng, M.J., Kuzucuoğlu, C., Fontugne, M., Bertaux, J., Woldring, H.,  
Bottema, S., Black, S., Hunt, E., Karabıyıkoğlu, M., 2001. The tempo of Holocene climatic 
change in the eastern Mediterranean region: new high-resolution crater-lake sediment data 
from central Turkey. The Holocene, 11;721. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
14 
 
Roberts, N., Allcock, S.L., Arnaud, F., Dean, J.R., Eastwood, W.J., Jones, M.D., Leng, M.J., Metcalfe, 
S.E., Malet, E., Woodbridge J., Yiğitbaşıoğlu, H., 2016. A tale of two lakes: a multi-proxy 
comparison of Lateglacial and Holocene environmental change in Cappadocia, Turkey. 
Journal of Quaternary Science, 31(4), 348–362. 
Seçmen, Ö., Leblebici, E., 1987. Trakya, Marmara, Batı ve Orta Karadeniz, İç Anadolu ile Doğu 
Akdeniz Bölgesinde Bulunan (A1-5, B4-5, C4-5) Göl ve Bataklıkların Flora ve Vejetasyonu. 
Türkiye Bilimsel ve Teknik Araştırma Kurumu Temel Bilimler Araştırma Grubu Proje No: 
TBAG-654. 
Seppa, H., 2007. Pollen Analysis Principles. Encyclopedia of Quaternary Science, Elsevier, 2486- 
2497. 
Shekkerman, H., van Roomen, M. V., 1993. Migration of Waterbirds through Wetlands in Central 
Anatolia. Spring 1988, WIWO report 32, Zeist-Netherlands. 
Stockmarr, J., 1971. Tablets with spores used in absolute pollen analysis, Pollen et Spores, 13, 615–  
621. 
Şenkul, Ç., 2014. Polen Analizinin Temel Prensipleri ve Kuvaterner Ortam Koşullarının Yeniden 
Yapılandırılmasındaki Önemi. Türk Bilimsel Derlemeler Dergisi, 7 (1): 33-41. 
Şenkul, Ç., Ören, A., Doğan, U., Eastwood, W.J., 2018. Late Holocene environmental changes in the 
vicinity of Kültepe (Kayseri), Central Anatolia, Turkey, Quaternary International, pp. 1-9. 
Türkeş, M., 2005. Orta Kızılırmak Bölümü Güney Kesiminin (Kapadokya Yöresi) İklimi ve 
Çölleşmeden Etkilenebilirliği. Ege Coğrafya Dergisi, 14, 73-97, İzmir. 
Uğuryol, M., Kulakoğlu, F., 2013. A preliminary study for the characterization of Kültepe’s adobe 
soils with the purpose of providing data for conservation and archaeology. Journal of Cultural 
Heritage, Volume 14, Issue 3, pp. 117-124. 
Wang, T., Surge, D., Mithen, S., 2012. Seasonal temperature variability of the Neoglacial (3300–2500 
G.Ö.) and Roman Warm Period (2500–1600 G.Ö.) reconstructed from oxygen isotope ratios 
of limpet shells (Patella vulgata), Northwest Scotland, Palaeogeography, Palaeoclimatology, 
Palaeoecology 317–318 (2012) 104–113. 
Wang, T., Surge, D., Walker, K.J., 2013. Seasonal climate change across the Roman Warm 
Period/Vandal Minimum transition using isotope sclerochronology in archaeological shells 
and otoliths, southwest Florida, USA. Quaternary International, 308-309, pp 230-241. 
Wanner, H., Beer, J., Butikofer, J., Crowley, T. J., Cubasch, U., Flückiger, J., Goosse, H., Grosjean, 
M., Joos, F., Kaplan, J.O., Küttel, M., Müller, S., Prentice, I. C., Solomina, O., Stocker, T. F., 
Tarasov, P., Wagner, M., Widmann, M., 2008. Mid-to Late Holocene Climate Change: An 
Overview. Quaternary, Science Reviews, Pp. 1791-1828. 
White, S., 2011. The Climate of Rebellion in the Early Modern Ottoman Empire. Cambridge 
University Press. 
Woldring, H., 2001. Climate change and the onset of sedentism in Cappadocia, eds. Gerard, F., and 
Thıssen, L., The Neolithic of Central Anatolia. British Institute of Archaeology, 23-27 
November, pp. 59-66, Ankara. 
van Zeist, W., Woldring, H., Stapert, D., 1975. Late Quaternary Vegetation and Climate of 
Southwestern Turkey. Palaeohistoria 17: 55-143. 
van Zeist, W., Bottema, S., 1991. Late Quaternary vegetation of the Near East, Beihefte zum Tübinger 
Atlas Des Vorderen Orients, Dr. Ludwig Reichert Verlag, Wiesbaden. 
Vermoere, M., 2004. Holocene Vegetation History in the Territory of Sagalassos (Southwest Turkey) 
A Palynological Approach. Brepols Publishers n. v. Turnhout, Belgium. 
Yılmaz, E., Çiçek, İ., 2016. Türkiye Thornthwaite İklim Sınıflandırması. Journal of Human Sciences, 
13 (3), 3973-3994. 
Yiğit, T., 2003. İlk Tunç Çağı’nın Son Evresinde Anadolu’nun Siyasal Görünümü. Tarih Araştırmaları 
Dergisi, Sayı: 33, s.167-182. 
 
Web References 
http://worldclim.org/current (10.05.2017) 
http://worldclim.org/bioclim (10.05.2017) 
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 
Table 1. Radiocarbon/AMS 14C ages from Lake Tuzla (TZL 16-01) sediment core. 
 
 
 Beta-450113         187              3080 ± 30 BP           3110 ± 30 BP          3385-3240          3370-3335 / 3290-3265                                                                                                                             
                  
 Beta-450114         325              5020 ± 30 BP           5080 ± 30 BP          5910-5745          5905-5860 / 5825-5750  
                                                                                                                                              
 
 
Lab codes       Depth (cm)       Measured age        Conventional age            95%                               68% 
         
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
Table 2. States ruling Central Anatolia, archaeological periods, climatic events and changes in 
vegetation (Akurgal, 2014 1, Bond et al., 1997 2, Crowley and Lowery, 2000 3, England et al., 2008 4, 
Gümüşçü et al., 2013 5, Wanner et al., 2008 6, Wang et al., 2013 7). 
 
Archaeological/Historical 
Periods 
Climatic Events Changes in the Vegetation 
Republic of Turkey (1923) 1  
 
Little Ice Age  
(1300-1850 AD) 6 
In the 332s BP, the AP was 73% and the 
NAP was 27%. Within the AP, Pinus 
(68.2%) has increased. Artemisia (18,7%) 
and Amaranthaceae (8,1%) values increased 
in NAP. Cereals reached the highest value 
(2.8%). In TZL-V the vegetation structure is 
pine forests. 
 
 
Ottoman Empire  
(1299-1923 AD) 1 
 
 
 
Seljuk Period 
(1071-1300 
AD) 1 
 
 
 
 
 
 
Byzantine 
Empire 
(395-1453 AD) 
1
 
 
 
 
Medieval climatic 
Anomaly 2-3 
In the 850s BP, AP was 60.5% and NAP 
was 39.2%. Pinus decreased in AP (41.4%) 
and Quercus (16.9%) increased. Artemisia 
(7.7%) and Amaranthaceae (13.9%) 
increased in NAP. Pinus and Quercus 
forests are predominant in the vegetation 
structure although the rate of Pinus is 
decreasing in TZL-IV. 
 
Arab 
invasions 
(670-950 AD) 
4 
 
 
1.4 ka BP event 2 
 
In the 1380s BP, AP was 69.2% and NAP 
was 30.8%. Artemisia (4,8%) and 
Amaranthaceae (5,1%) decreased in NAP 
while Pinus was increased in AP (56,3%). 
The predominant vegetation structure in 
TZL-IIIc is pine and oak forests. 
Hellenistic 
Period  
(330-30 BC) 5 
 
 
Roman Empire 
(30 BC-395 
AD) 1 
 
 
Roman climatic 
 optimum 7 
 
In 1910 BP the AP value was 57.2% and the 
NAP value was 42.5%. In the AP, Pinus is 
43,7% and Quercus is 9%. In NAP, 
Artemisia is 8,5% and Amaranthaceae is 
8,2%. In the TZL-IIIb, pine forests dominate 
the vegetation structure. 
Alexander 
Empire (336-
323 BC) 5 
Persians  
(559-330 BC) 
5
 
 
 
 
Iron Age 
(1200-330 BC) 
5 
 
 
 
2.8 ka BP event 2 
In 2910 BP, AP value is 54.8% and NAP 
value is 44.4%. In the AP, Pinus decreased 
(36,8%), Quercus (12,6%), and Ostrya 
carpinifolia (2,2%). Within the NAP, 
Artemisia (11,8%) decreased, 
Amaranthaceae (6,2%) and Ranunculaceae 
(8,4%) increased. In TZL-IIIa the vegetation 
structure dominates the forested areas. 
 
Late Hittite 
Period (1200-
650 BC) 1 
Hittites 
(1850-1200 
BC) 5 
 
 
 
Bronze Age 
(3000-1200 
BC) 5 
 
 
 
4.2 ka BP event 2 
 
In 4373 BP, AP was 63.1% and NAP was 
36.9%. A sudden increase (51.2%) in the 
Pinus value was observed in AP, whereas a 
decrease in Artemisia value (16.6%) was 
observed in NAP. In TZL-I, the vegetation 
structure is in competition with the forested 
areas and step vegetation structure. In TZL-
II 4100-3400 BP, the steppe vegetation 
structure is dominant. 
Assyrians 
(2000-1750 
BC) 5 
Hattians 
(2500-2000 
BC) 1 
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       Fig. 1. Location map of study area 
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Fig. 2. Geological map of study area, (active faults and 1/500.000 scale geology map 
taken from MTA, active faults modified from MTA). 
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Fig. 3. Age-depth profile for Lake Tuzla (Core TZL 16-01). 
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Fig. 4. Summary pollen percent diagram of Lake Tuzla. 
